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INTRODUCTION
These studies were undertaken preliminary to the syn-
thesis of the cyano acids of the general formula NC (CH2 ) nG0.0H.
An attempt was first made to synthesize the 6-cyano-hexanoic acid
from n-hexanoio acid itself. N-hexanoic acid was successfully pre-
pared in small quantities, but the process was tedious, There is
little hope that the cyanide group can be introduced in the proper
position, and give sufficient material for further investigation.
Since, however, n-butyl-malonic ester is formed as an intermediate
product in the synthesis of n-hexanoic acid, and had never been
carefully studied, a short time was devoted to an investigation
of the properties of this compound.
At present there is considerable hope that trimethyl-
ene oxide will give a general method of preparing the cyano acids
mentioned above, since this compound is admirably suitable for
extending the normal carbon chain three atoms at a time. Prev-
ious to this work, the preparation of trimethylene oxide had not
been carried out in a feasible manner, and its properties had
not been completely studied. In this thesis, a method of synthe-
sis has been worked out, and the physical and chemical properties
of the substance have been thoroughly investigated.
In this work, the synthetic value of trimethylene
oxide has been demonstrated in one instance by the action of
magnesium propyl bromide upon the oxide, which gave a sixty per
cent yield of hexanol-1.

PART I.
N-B UTYL II A L 91 C ESTER.
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THEOEETICAL.
N-butyl-malonic ester was proven to be a pure sub-
stance by the determination of its boiling point under several
pressures, the liquid distilling constant at each pressure, its
quantitative analysis showed it t<3> have the theoretical quantity
of carbon and hydrogen. Its atomic linking formula was estab-
lished in its synthesis by the well known malonic ester methods,
and by its decomposition into butyl malonic acid and finally
into n-hexanoic acid, both of which are known.
By interpolation from the accompanying diagram (page
6), the boiling point of n-butly-malonic ester can be estimated
at any pressure between 6.5 and 760 millimeters. Jhe diagram
shows that as the pressure approaches a perfect vacuum, a slight
difference in pressure produces a very wide variation in the
boiling point of the ester.
From the density diagram, it is apparent that the
density of butyl-malonic ester is a linear function of the temp-
erature, obeying the equation:
D = 0.S987 * 0.00095t
where D is the density of n-butyl-malonic ester, the density of
water at 4° being taken as unity. From this equation, the den-
sity of the substance can be computed at any temperature with
a fair degree of accuracy.

N-B U I Y L M A I C H I C E S T E B
EZP'lSI U E H T A L
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PjsEPAEATIOH op n-butyl bromide.
The n-butyl bromide was prepared by the action of
hydrobromic acid upon the alcohol. Xahlbaum's n-butyl alcohol
was redistilled to insure purity. The product used, boiled at
114-115° (uncor.). To 40 grams of this alcohol, was added 280
grams of constant boiling hydrobromic acid solution. The mixture
was then boiled under the reflux . .action started as soon as
the liquid v ras heated to boiling, and the n-butyl-bromide began
to separate as an oil. After 45 minutes heating the oil was
separated in a separatory funnel, and the aqueous layer again
refluxed, this time for two hours. 60 grams of the crude oil
was thus obtained, which on redistillation yielded 40 grams of
pure butyl bromide boiling at 98.5-98.6 (uncor.,-, a yield of
50 percent
PREPARATION OF N-BUTYL L1AL0NIC ESTSH.
To 150 cc of absolute alcohol, was added slowly 7
grams of freshly cleaned sodium. The resulting sodium alcohol-
ate solution was cooled in an ice bath. Then 49 gms of pure dry
malonic ester was added drop by dipr from a dropping funnel at
the top of the condenser. This cooling was necessary to prevent
saponification of the ester to the sodium salt of the acid. A
white solid was formed at the bottom of the alcoholic solution.
To the mixture was now added the 40 gms of n-butyl bromide, in
small portions. There was no evidence of heat. The mixture was
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then heated in a metal bath, and refluxed for eight hours. The
aloohol was then distilled from the mixturg and the residue dis-
solved in water. The n-butyl-malonic ester formed was extracted
with ether and the ether extract dried over anhydrous sodium
sulfate. The ether was evaporated and the residue distilled under
diminished pressure. The pressure varied from 28-43 mm and the
boiling point, from 120-152°. 40 gms of a light yellow oil
was obtained, and this was redistilled under diminished pressure.
Distillation began at a temperature of 130° with a pressure of
30 mm. Here the pressure remained fairly constant, and the liquid
distilled over at a temperature varying from 136 to 139°. Analy-
ses of the product for carbon and hydrogen gave the following
results, the elements being weighed as carbon dioxide and water
respectively:
Theory Foundl II
Carbon 61.1 60.5 60.8
Hydrogen 9.27 9.05 9.16
The boiling point of n-butyl-malonic ester was det-
ermined with standard thermometers over a wide range of pressures.
The results obtained, with the boiling points corrected are
shown in the following table. The accompanying diagram shows the
effect graphically.
Pressure (mm) Temperature Pressure Temperature
6.5 101 70 159
17.0 111 95 173
16.5 109 122 175.5
13 107 156 184
20 124.5 293 196
11 106 227 196
25 129 353 212
33 138 512 221
49 151 612 226
51 154 750 227
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The boiling point of n-butyl malonic ester at ord-
inary pressures was determined by the equilibrium method, using
a standard thermometer. Three readings gave, after the necess-
ary oorrections had been made, a boiling point of 227.5°.
The index of refraction of this compound was determined
using the Abbe' refraotometer with ordinary light. The following
readings were made at 20°,
• 1.6990 1.6988 1.6989
1.6990 1.6989 1.6990
From these readings, the index is- 1,6989 * 0.0001
The density of n-butyl-malonic ester was determined
using a specific gravity bottle. The bottle was calibrated at
three different temperatures with the following results:
Wt bottle Wt of Vt of Density Volume
Temp. and water bottle water of water of bottle
28.5 11.2166 6.0100 5.2066 0.996115 5.2269
25.5 11,2216 6.0100 5.2116 0.996941 5.2276
25.0 11.2220 6.0100 5.2120 0.997071 5.2272
The volume of the bottle is taken as 5.227
With n-butyl malonic ester, the following results were obtained:
Temp. Sottle and est. Bottle lister Density
11.2296 6.0100 5.2196 0.9986
5 11.2055 6.0100 5.1935 0.9936
10 11.1784 6.0100 5.1484 0.9888
15 11.1540 6.0100 5.1440 0.9841
15.5 11.1516 6.0100 5.1416 0.9836
20 11.1320 6.0100 5.1220 0.9800
20 11.1324 6.0100 5.1224 0.9800
20 11.1328 6.0100 5.1228 0.9800
25 11.1071 6.0100 5.0971 0.9750
25 11.1061 6.0100 5.0961 0.9750
25 11.1064 6.0100 5.0964 0.9750
25 11.1069 6.0100 5,0969 0.9750
These densities are relative to water at 4 C.
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K-BUTYL-MA10NIC ACID.
To 4 gms of the n-butyl malonic ester was added
25 oc of a 25 percent solution of potassium hydroxide, and the
mixture boiled under the reflux for two hours. It was then acidi-
fied with 30 percent sulphuric acid solution, and the n-butyl-
malonic acid liberated extracted with ether. The ether was evap-
orated, and the acid crystallized from water. This acid melted
at 101°. It has already been studied by Hell and Lumpp. 1
N-HEXANOIC ACID.
About 2 gms of pure n-butyl-malonic acid was heated in
a small test tube which was immersed in a sulfuric acid bath.
When the bath had reached a temperature of 102°, the crystals
melted, and at 135°, bubbles of carbon dioxide began to be evolved.
At the end of two and a half hours, the decomposition was comp-
lete. The resulting oil was distilled from the metal bath, boil-
ing constant at 202.5° (uncor. ) . It was a colorless liquid hav-
ing the characteristic odor of hexanoic acid.

PART II
TRIMETHYLENE OXIDE

-11-
HISTORICAL.
Ethylene Oxide.
Ethylene oxide was first prepared "by A. Wurtz 2
,
who
noticed the evolution of a vapor, when a solution of potassium
hydroxide was added to ethylene chlorhydrin. The vapor was dried
"by passing it over calcium chlorid, and condensed in a reciever
immersed in a .freezing mixture. The product was analyzed, and
found to contain the theoretical amount of carbon and hydrogen
to conform to the formula CgH^O, being isomeric with acetaldehyde
with which it was probably mixed. By treating the product with
phosphorous pentachlorid, however, Wurtz obtained an oil, whose
physical properties were identical with those of the "Oil of the
Dutch Chemists" - ethylene chlorid.
In a subsequent paper3
,
Wurtz describes extensively
the properties of ethylene oxide. He found that ethylene oxide is
not obtained by the oxidation of ethylene, nor by dehydrating
the glycol. Ethylene oxide is a very active compound and is
capable of direct union with a large number of substances. It
will unite with hydrogen to form ethyl alcohol, and with water
to form glycol. By oxygen it is oxidised to glycollic acid. It
reacts with bromine to form red crystals having the molecular
formula 2 (C £H2 )Br2< with aoids, esters of glycol are formed,
and with ammonia it unites to form oxygen bases. Wurtz compared
the ethylene radical in its chemical behavior, to divalent met-
allic elements, and decided the analogy was very close. He
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deoided that the ethylene radical was basic, forming compounds
analogous to metallic oxides, chlorides and hydroxides. Having
kept a sample of ethylene oxide a year Wurtz 4 discovered by
accident that it had become solid, and analysis showed that a
polymer had been formed. Subsequent investigation showed that
the polymerization could be hastened by adding a piece of fused
potassium hydroxide or zinc chlorid to the liquid. Neither calcium
chlorid or hydrochloric acid had any effect.
A modification of Wurtz' s method of preparing ethyl-
ene oxide was discovered by Demole5 . Instead of using the chlor-
hydrin of glycol, Demole used the chlor acetate, chloro-ethyl
acetate. In this way, the saponification of the ester and the
subsequent action to the oxide were carried out together. In
drying the product by passing it over solid potassium hydroxide,
Demole found that the potassium hydroxide became heated, and
concluded that there was a chemical reaction between the product
and the alkali. So Demole dried his product by distillation
which he found gave equally good results. He found that the ace-
tate method of preparing ethylene oxide increased the yield
nearly two-fold.
Several years after the work of Demole, other methods
of preparing ethylene oxide were investigated by Greene , who
studied the action of metallic oxides on the ethylene halides.
He found that ethylene oxide was formed when silver oxide was
heated with ethylene bromide or ethylene iodide, the former

reaction requiring a temperature of 250°, the latter only 150°.
ffith sodium oxide and ethylene bromide, the reaction took place
at 180°. Ethylene chlor-iodide also gave the oxide when heated
with sodium oxide.
The properties of ethylene oxide have been further
n
studied by several investigators. Girard found that it reacted
with phosphonium iodide to give, first ethylene iod-hydrin, and
finally, with an excess of phosphonium iodide, ethylene iodide.
Bredig8
,
and later Hantsch and iiibbert 9 determined the electri-
cal conductivity of ethylene oxide and found it to be very small.
Trimethylene Oxide.
This compound was discovered by Reboul10 , who ob-
tained it by the action of a very concentrated solution of pot-
assium hydroxide upon trimethylene chlor-hydrin. The volatile
products obtained were condensed in a freezing mixture of ice
and salt. The liquid obtained was dried over potassium carbon-
ate and redistilled. In another experiment, he used pulverized
solid potassium hydroxide instead of the solution, and he found
this to be more suitable. Eeboul found that the oxide prepared
in these experiments was a colorless, mobile liquid, which was
miscible with water and reacted very energetically with bromine.
Its boiling point was given as about 50°. An analysis of the
product gave the following results:
Found Theory
G 61.7 62.0
H 10.6 10.4
The substance contained a trace of chlorine compounds.
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Polymeric Trimethylene Oxide
'when water was added to the flask in which the tri-
methylene oxide had been generated, Reboul noticed that an oily
layer separated at the surface of the potassium hydroxide sol-
ution. The alkaline residue was extracted with ether, and after
removing the ether by distillation, the ether extract was dis-
tilled. A small quantity of liquid distilled from 160-170°,
which he decided was the unchanged chlorhydrin. From 170-320°,
nothing passed over, and the greater part of the ether extract
boiled above 320°. Reboul analyzed the high boiling product
and found that it contained approximately the same percentages
of carbon and hydrogen as did the low boiling oxide. He decided
that he had obtained a mixture of polymers of trimethylene oxide.
Tetramethylene Oxide
T -i 12
Dekkersj 1 and later Demjanow found that the action
of silver nitrate upon tetramethylene di-nitramine hydrochlorid
gave tetramethylene oxide, as the principal product. They found
that the purified product was soluble in water and boiled at 67°.
Y^ith fuming hydrobromic acid, tetramethylene oxide gave the
dibromide. The glycol was not formed appreciably by heating the
oxide with water at 150°.
Pentamethylene Oxide
Demjanow13 prepared this compound by heating the
glycol v/ith 60 percent sulphuric acid. Hochstetter14 prepared
it by heating tetramethylene bromide with water in a closed tube
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at 100°. These investigators found that pentamethylene oxide
boiled at 80-82°. It was more soluble in cold water than in hot,
and was, of course, soluble in alcohol and ether.
THEORETICAL
Trimethylene oxide is a four atom ring compound.
According to Baeyer's strain theory, this compound should not
be so stable toward rupture of the ring as the five and six atom
ring oxides, tetramethylene oxide and pentamethylene oxide.
This is demonstrated in this work, since it is rather difficult
to prepare trimethylene oxide, while pentamethylene oxide is
easily prepared by the dehydration of the glycol. Moreover,
trimethylene oxide is extremely active chemically, breaking down
readily to form straight chain compounds, while pentamethylene
oxide is very stable to this sort of a reaction.
In attempting to prepare trimethylene oxide from
trimethylene bromide by the action of mercuric oxide, mainly
unsaturated products were produced, probably because the react-
ion for the formation of the oxide was a good deal slower than
the reaction producing unsaturated compounds. This reaction has
been studied in greater detail by Vollweiler
.
When trimethylene chlor-hydrin is heated to 140°
with potassium hydroxide, trimethylene oxide is produced accord-
ing to the following reaction:
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CE2oH 9Hr~iQHg + KOH —> CH £ -+ XC1 + HOH
CH
2
G1 CH£—
*
3ut if the chlor-hydrin is looked upon as an alco-
hol, one would expect that it would act as a dissociating med-
ium for halogen compounds, and that trimethylene chlor-hydrin
would dissociate in it according to the reaction:
CH20H CH20H
CH2 ^! CH HG1
CHgCl
the equilibrium "being displaced by the removal of the hydrochlor-
ic acid by the potassium hydroxide. But the hot potassium
hydroxide is a^so a dehydrating agent and removes from the mole-
cule, thus:
QHpOH CH2
0H2 > GH + HOH
CH2C1 CH2G1
There are numerous other reactions that might take place under
the conditions of thin experiment. For instance, both the chlor-
hydrin and allyl alcohol would react to some extent to form
their respective potassium alcoholates, each of which could in
turn react with the chlor-hydrin to form ethers and unsaturated
compounds, or with allyl chlorid, to form unsaturated ethers.
The unsaturated compounds all undergo polymerization, and the
reaction becomes extremely complicated. Reactions of the type
outlined above have all been well established in analogous fields.
When these are considered, it is not at all st range that it is
difficult to obtain good yields of trimethylene oxide. Fort-
unately the only products that distill over and contaminate the
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oxide are allyl chlorid, which "boils at 46° and allyl alcohol,
which boils at 96°. These are easily removed "by bromine which
reacts instantly with compounds having the ethylenic double
union, forming high boiling di-bromides that are easily separ-
ated by distillation.
In using the chlor-propyl acetate instead of the
chlor-hydrin, the same mechanism is followed, except that before
these reactions can take place, the chlor-hydrin is liberated
by the saponification of the ester with the concentrated pot-
assium hydroxide. It is remarkable that by using the ester,
the reaction for the formation of trimethylene oxide proceeds
at a temperature of 110-120°, 30 degrees lower than that required
for the production of the oxide by the chlor-hydrin method.
This is probably due to the fact that saponification proceeds
at the lower temperature, and while the molecule is in an un-
liable state because of the saponification, it is further
attack-
ed, and the oxide formed. Due, no doubt, to the lower
temper-
ature at which the reaction is carried out, the amount of un-
saturated compounds is greatly decreased.
The oxide used in the study of the physical prop-
erties was redistilled several times after purification by
the methods given below. The final product boiled absolutely
constant. A qualitative test for halogens failed to reveal any
trace of chlorine or bromine, while an experiment on a dilute
solution of allyl chlorid, carried out in the same way, gave
a decided halogen test. A vapor density on the product proved
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that it was monomolecular. The method of production of the sub-
stance from the known chlor-hydrin, the action of magnesium
propyl bromide forming hexanol-1, and the action of phosphorous
pentachlorid giving trimethylene chlorid, all point to the atomic
linking formula CH2CH2CH2 ,
all particulars with those obtained by Beboul. (See page 13).
For instance, l-.eboul found that his trimethylene oxide reacted
instantly with bromine. Since in the method of purification
used in this investigation bromine is used to remove the unsat-
urated compounds, the purified product will not be attacked by
bromine appreciably in the cold during the time of purification.
Moreover, it was found that after bromination had removed the
unsaturated compounds, the odor of the oxide was not at all
sharp as Heboul had found it , but was sweet and aromatic. Before
bromination, however, the odor of the crude distillate was
decidedly sharp, and repeated distillations would not remove
this evidence of unsaturation. This seems to indicate that,
with the small quantities with which Eeboul worked, and the
methods of purification used, he was not able to entirely free
his product from unsaturated impurities.
The action between magnesium propyl bromide and
trimethylene oxide is interesting, because it demonstrates the
feasibility of using the oxide in synthetic work.
The following physical constants were determined:
boiling point at 760 mm, density, index of refraction, and
molecular weight.
The results of these investigations do not agree in

EXPERIMENTAL
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ACTIOitf OF MERCHEIG OXIDE 01 Tx^IMETEYLElJE BB0L1IDE.
Preparation of the Trimethylene Bromide.
To 125 gms of trimethylene glycol was added 600 gms
of constant boiling hydrobromic acid. The mixture was refluxed
for six hours, when an oily layer containing the trimethylene
bromide was separated. The aqueous layer was again refluxed
for three hours and the oil again separated. Hydrogen bromide
gas was then passed into the aqueous portion for an hour, and
this portion. was finally distilled with steam. The distillate
separated into two layers. The oil was added to the portions
already separated, the whole dried over anhydrous sodium sulfate
and distilled. The process yielded 270 gms of trimethylene
bromide boiling at 160-170°.
Action of L^rcuric Oxide on Trimethylene Bromide.
In a 500 cc round bottom flask, was placed 150
gms of mercuric oxide. At the top of the reflux condenser was
a two hole rubber stopper fitted with a dropping funnel and
an outlet tube. The outlet tube was connected with two U tubes,
the first being empty and the second containing bromine water.
The flask was heated to a temperature of 180° in the metal bath
when the trimethylene bromide was dropped clowly upon the hot
mercuric oxide until 125 gms had been added. It was found that
about 3 cc of a volatile liquid had distilled over into the
first reciever. This liquid was very mobile and had an extreme-
ly pungent odor, the fumes from the liquid attacking both the
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eyes and nose. It was extremely active toward bromine. This ex-
periment with mercuric oxide and trimethylene "bromide was re-
peated several times, and in no case was the yield more than
two or three percent of theoretical, even if the product was
all trimethylene oxide, which in the light of further experiment-
ation is extremely doubtful. Vollweiler has made a careful study
of this reaction15
.
PREPARATION OF TRIMETHYLENE OXIDE BY THE
CHLOEHYDRIH METHOD,
Preparation of the Chlor-hydrin2- s
Dry hydrogen chlorid was prepared by dropping con-
centrated sulphuric acid upon 37 percent hydrochloric acid sol-
ution, and passing the gas evolved thru concentrated sulphuric
acid to remove water. The dry gas was passed into trimethylene
trimethylene glycol which had been heated to 100° in a round
bottom flask. At the end of three hours, the action was stopped
and the contents of the flask distilled. The portion boiling
between 150° and 1750 contained the chlor-hydrin. This fraction
was redistilled, and from 130 gms of trimethylene glycol, 25 gms
of chlor-hydrin boiling at 160-164° was obtained. Practically
no trimethylene chlorid was obtained, but a large amount of un-
changed glycol remained in the flask. This indicates that the
hydrogen chlorid was not passed into the glycol for a long
enough time.
Cariu? 17prepared the chlor-hydrin of ethylene? glycol
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by the action of sulfur chlorid on the glycol. According to
his interpretation the reaction proceeds as follows,:
CHoOH
2 i +-2 SgOlg =
CH
2
0H
Obviously, the steps are:
+ SgCl2
GH20H
CHgOH
CHcOH
2
I
+ 2 HG1 -)~S0g + 3S
CHgCl
GHpOH
^ I + H0S 2G1
GHpCl
HOSgCl •+ HOSgGl -> SO 2 4-2HC1 4- 3S
GHgOH
+ HG1
GHgOH
HOH
GHgOH
~~*
CHgGl
The proceedure in preparing trimethylene chlor-hydrin by this
.method is as follows:
In a liter flask was placed 230 gms of trimethylene
glycol and 450 gms of sulfur chlorid. After the mixture had
been shaken, it became warm and there was an evolution of sul-
fur dioxide, while sulfur was precipitated. Without heating, but
with occasional shaking, a lively action continued for an hour.
When the spontaneous action had ceased, the mixture was heated on
the water bath for six hours, and finally for an hour over the
free flame. By this time, sulfur dioxide had ceased to be evolved.
The cessation of the evolution of sulfur dioxide is adopted as
a criterion of the completion of the reaction. The contents of
the flask were then cooled, and ether added. After removing the
ether solution the precipitated sulfur was washed with ether.
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The ether solution was then shaken with a saturated solution
of potassium carbonate, to remove sulfur dioxide, the two layers
separared and the ether layer dried over anhydrous sodium sulfate.
After removing the ether, the crude chlorhydriB was distilled.
The portion boiling 140-180° was redistilled and a yield of
160 gms of chlor-hydrin boiling 1G0-164 was obtained, this
being about 60 percent of theory. This method is much simpler
than the hydrogen chlorid method, requiring less attention.
The chlor-hydrin is a colorless oil, slightly soluble in water,
and having a very pleasing odor. Its boiling point is 162, under
760 mm.
Preparation of Trimethylene Oxide by the Action of
Potassium Hydroxide upon Trimethylene Ghlorhydrin.
The method of Reboul10 was followed rather closely.
A 500 oc flask was fitted with a dropping funnel and a thermometer
so arranged that the bulb was in the reacting mixture. The
side neck was connected with two U tubes in series to insure com-
plete condensation, which were immersed in a freezing mixture
of hydrochloric acid and ice. In this flask was placed 100 gms
of potassium hydroxide and 10 gms of water. The temperature of the
mixture was brought to 130° where it was maintained throughout
the experiment. 50 gms of chlorhydrin was added drop by drop
thro the dropping funnel, over a period of 45 minutes, As each
drop of the chlor-hydrin struck the hot potassium hydroxide, a
lively action resulted and a vapor was evolved which condensed
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mainly in the first reciever.
Purification of Erimethylene Oxide
After all the chlor-hydrin had been added, the
flask was allowed to cool, and water was added to dissolve
the potassium hydroxide and potassium chlorid. The residue was
then extracted with ether, and the ether extract worked up for
high boiling products. The treatment of this residue will be
discussed later.
The product which condensed in the reciever was
a colorless mobile liquid, soluble in water and having a sharp
odor. It was observed that the substance at this stage is very
reactive toward bromine. Bromine was added drop by drop to the
ice cold distillate until the permanent bromine color remained.
At first the bromine acted instantly and violenely, being immed-
iately discolored. When the permanent color had been obtained,
water was added until the water layer was four times greater in
volume than the oily layer. The two layers were then thoroughly
shaken, to remove all soluble substances, The heavy bromide
layer, which settled out on standing, was removed and the aque-
ous layer saturated with potassium carbonate. The solution sep-
arated into two layers, the lighter containing the trimethylene
oxide. The two layers were separated, and the crude oxide dried
over anhydrous sodium sulphate, and distilled from the water bath.
The distillate was redistilled, and gave 2 gms of pure trimethyl-
ene oxide boiling at 48-49° (uncorrected) • It was noticed that the
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sharp, unpleasant odor of the crude distillate had entirely van-
ished, and that the odor was now sweet and aromatic.
Several modifications of this method of preparing
trimethylene oxide have been tried. An experiment was run in
which the temperature within the flask was kept at 160-180°,
and the result was a preponderance of unsaturated compounds, and
very little trimethylene oxide. The next modification was to
use a more dilute solution of potassium hydroxide. Instead of
10 cc of water to 100 gms of potassium hydroxide, 20 cc was used.
The yield of distillate was very much lessened in this case.
Another experiment was run using alcohol as a solvent. Again
it was found that mainly unsaturated products were formed. More-
over, a considerable quantity of ethyl alcohol distilled over
with the low boiling substances, and the complete separation of
the oxide was extremely difficult.
While the chlor-hydrin gave some trimethylene oxide,
the quantity was so small that the method could hardly be call-
ed a feasible one. In all, seven runs were made, and the average
yield was only five or six percent of theory.
PREPARATION OF TRIMETHYLENE OXIDE BY THE ACTION
OF CHLORO-PROPYL ACETATE UPON POTASSIUM
HYDROXIDE
Preparation of the Ghloro- Propyl Acetate
A flask having a capacity of 1500 cc was connected
with an upright water cooled condenser, fitted at the top
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with a dropping funnel and an otulet tube leading into an ab-
sorption apparatus filled with water. In the generating flask
was plaoed 300 gms of trimethylene chlor-hydrin. Thru the drop-
ping funnel was added slowly 250 gms of acetyl ohlorid. The
hydrogen ohlorid liberated was absorbed in the absorption train.
After all the acetyl chlorid had been added, the contents of
the flask were boiled gently, until there was no further evolution
of hydrogen chlorid. The crude ester was redistilled, yielding
575 gms of .chloro-prolyl acetate, boiling 160-166°. This was
85 percent of theory.
Preparation of tho Oxide.
The same apparatus in which the oxide was made by
the chlorhydrin method was used for this experiment. 150 gms of
solid potassium hydroxide was placed in the 500 ce generating
flask. To this was IE cc of water and the temperature brought
to 100°, the bulb of the thermometer being immersed in the pot-
assium hydroxide mixture. Thru the dropping funnel was then
added slowly, 75 gms of chloro-propyl acetate. A lively action
took place at once, and no further heating was necessary through-
out the experiment. The heat of the reaction kept the the temper-
ature of the reaction mixture at 100-110°. Continued shaking
was necessary to maintain a thorough mixture of the react ing
substances. In an hour, all the ester had been added, and the
mixture was then heated for ten minutes at 12( °. At this time
a marked odor of unsaturation was noticed, and the heating was
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discontinued. The experiment was duplicated and the products
of the two reactions combined. The total weight of the crude
distillate from 150 gms of ester was 29 gms. It was noticable
that this distillate did not possess nearly so strongly the
sharp odor of the allyl compounds as did the crude product ob-
tained by the chlor-hydrin method, although this odor could still
be detected. The whole was placed in a small flask kept cold
by immersion ih a freezing mixture. Bromine was then added slow-
ly, a much smaller quantity being required to produce the per-
manent color than in any of the previous experiments. When no
more bromine was acted on in the cold, the product was distilled
from the water bath, and the distillate condensed in a reciever
immersed in a freezing mixture. The distillate was colored
slightly yellow with the excess bromine, and was allowed to stand
for 24 hours in a glass stoppered bottle. At the end of that
time, the color had disappeared, probably because of substitu-
tion. The crude trimethylene oxide was redistilled giving 14 gms
of pure trimethylene oxide boiling 48-50° (uncor. ) . This is
22.5 percent of the quantity predicted by theory. Another exp-
eriment was run, using 150 gms of the acetate and 300 gms of
potassium hydroxide, with 25 cc of water. The yield in this case
was somewhat lessened, being 12.7 gms , or 19 percent of theory,
indicating that the reaction runs better with the smaller quant-
ities.
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CHEMIC?AL PEOPEETIES OF TED.EETIlYL.SNB OXIDE.
It has been found by Grignard18 that ethylene oxide
acts on the magnesium alkyl halides to produce the higher alcohols.
It was desirable to determine whether the higher alcohols could be
synthesized by the action of trimethylene oxide upon the magnesium
alkyl halides.
Magnesium propyl bromide was prepared by the action
of 4.3 gms of magnesium ribbon upon 24 gms of propyl bromide in
absolute ether.. To this mixture was added slowly 10 gms of trimeth-
ylene oxide in 25 gms of absolute ether. The action proceeded
with a hissing sound and an evolution of heat. When all had been
added, the mixture was re fluxed for half an hour using an upright
water cooled condenser. The water was then drawn from the condenser
and the ether evaporated. As the last traces of ether were evap-
orated, the mass became porous and metallic looking. Suddenly a
violent reaction took place, throwing clouds of smoke from the top
of the condenser, evolving a great deal of heat, and leaving the
residue somewhat charred and in the form of a hard cake. Water was
then added to the previously cooled mixture, causing a slight heat-
ing, when the product was distilled with steam, about 2 cc of an
oil was obtained which had an odor much like hexanol-1. The volume
of the liquid was not great enough, however to purify by redistil-
lation.
In order to determine a means of preventing this
violent decomposition of the complex, a modification of this exp-
eriment was tried. Half the above quantities were used and the
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magnesium proryl bromide was prepared in the same manner as
before. To the ether solution was added 5 gms of trimethylene
oxide in 10 cc of absolute ether, and the mixture refluxed as
before. Instead of distilling off the ether at this point, 100
cc of dry benzene was added to the mixture, and the ether dis-
tilled from this, leaving benzene as the solvent for the react-
ing substances. While the ether was being evaporated a thermo-
meter was suspended in the upright condenser, when the temper-
ature of the distilling vapors had reached 70°, the mixture was
refluxed under the water cooler for four hours. The complex,
which had been precipitated as a gray solid, on the addition of
the trimethylene oxide, became pasty under this treatment. No
change of color, however, was noticable. The mixture was now
cooled and water added, without visible evidence of heat effect.
As the gray mass went into solution, a white precipitate was
formed at the bottom of the flask, and the liquid portion separ-
ated into two liquid layers. The precipitate was dissolved in
30 percent sulfuric acid, and the mixture distilled with steam.
The distillate collected in two layers, and after separation,
the oil was dried over anhydrous sodium sulfate, and redistilled.
After the benzene had passed over, 5 cc of of a liquid distilling
constant at 155° (uncor. ) was obtained. This was identified as
hexanol-1.
when trimethylene oxide was treated with phosphorous
pentachlorid, a violent reaction took place, and an oil, insol-
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uble in water and cold, concentrated sulfuric acid was formed.
The liquid boiled at 127° funcor. ) and was identified as trirneth-
ylene chlorid, formed according to the reaction:
CH2CE2CH2 PC1 5 P0C13
GlCHgCHgGHgCl
Acetyl chlorid reacts violently with trirnethylene oxide to form
the chloro -propyl acetate.
PHYSICAL PROPERTIES OF TBIMETHYLKNE OXIDE.
Determination of the Boiling Point.
The boiling point of trirnethylene oxide was deter-
mined by the equilibrium method. The following table shows the
readings taken with the thermometer, and these readings corrected
for emergent stem, for calibration, and for variation of the
atmospheric pressure from 760 mm.
Readings. B.P. 760 mm.
47.350c 47.77 UC
47.45 47.87
47.40 47.82
47.50 47.92
Determination of the Density.
The density of trirnethylene oxide was determined
in an ordinary specific gravity bottle. Owing to the extreme
volatility of the oxide, some difficulty was experienced in
weighing this compound. The determinations were made at 25°.
Wt. bulb St, bulb Vol. Wt. of Density
with oxide Empty. bulb oxide. of oxide.
10.6760 gnis 6. 0086 gms 5.227: cc 4.6674 e;ms 0.8930
10.6770 " 6.0086 5.2272 4.66o4 " 0.8931
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These densities are compared to water at 4° C.
Determination of the Index of Infraction.
The index of refraction of trimethylene oxide was
determined "by the Abbe' Refractometer using ordinary (white)
light. The following were the readings taken:
1250 Hgg
1.3900 1.3892
1.3895. 1.3901
1.3899 1.3895
1.3899 1.3898
1.3897 1.3899
Determination of the Molecular Weight.
The molecular weight of trimethylene oxide was deter-
mined by the method of Victor Meyer. Three determinations were
made with the following results:
Molecular Weights
61.5
56.8
55.5
The calculated molecular weight is 58.
RESIDUES FROM THE PREPARATION OF TRIMETHYLENE OXIDE.
After the trimethylene oxide had been driven from the
generating flask, as has been stated once before, the residues
were cooled and the. v/ater solutions extractes with ether. The ether
solutions were dried over anhydrous sodium sulfate, and the ether
distilled over. The remaining substances were subjected to fract-
ional distillation. A considerable quantity of the liquid distill-
ed over below 100°. This portion v/as treated with bromine and found
to add that substance quantitatively. From 100- 150° little distill-
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ed over, but from 150-190°, there was an increased quantity of
distillate. It was this portion that Keboul considered to he the
unchanged chlor-hy&rin. But it was found that this fraction also
reacted vigorously and completely with bromine to give a heavy
oil, while the chloi-hydrin under similar conditions, will not
react at all. Prom £00° under ordinary pressure to 270° under 30mm
several fractions were obtained, all of which formed heavy addit-
ive bromides. The latter fractions were viscous oils which seem-
ed to have minute crystals in the liquid. However, they did not
crystallize further on standing for three months. The residue
from this distillation was a dark yellow, viscuos mass. This
also reacted with bromine, although somewhat slower. The bromin-
ation was never-the-less , complete.
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COIICLUSIOUS.
I. Normal "butyl malonio ester has "been characterized
for the first time.
II. The action of mercuric oxide on trimethylene
hroraide gave mainly unsaturated compounds.
III. Chloro-propyl alcohol has "been for the first
time, prepared "by the sulfur chlorid method.
IV K A critical study of Ee"boulfs method of preparing
trimethylene oxide from chloro-propyl alcohol has shown that
his product was impure, containing allyl chlorid, and possibly
other unsaturated compounds.
V. Trimethylene oxide has for the first time, been
prepared from chloro-propyl acetate, and this has proven to he
the best method for its preparation.
VI. The atomic linking structure of trimethylene
oxide has been proven by its reaction with propyl magnesium bro-
mide to give hexanol-1, and by its reaction with phosphorous
pentachlorid to give trimethylene chlorid.
VII. The following physical constants have been
determined:
Boiling point at 760 mm 47.80(cor.)
Density at 25°, (Water at 4° 1) 0.8931
Index of refraction by Abbe' 1.3899
Molecular weight by V.Meyer 57.9
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The author wishes to express his indebtedness to
Dr. G. S. Derick, under whose direction these studies were carr
out, for many valuable suggestions, which have, in many cases,
greatly shortened the way to definite results.
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